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Movement detector having six degrees of freedom with three position 
sensors and method for production of a sensor 

5 



10 Background of the Invention 

The invention relates to a movennent detector with six degrees of freedom 
comprising a support on which three position sensors are arranged disposed 
along three axes, each sensor comprising a rigid body, conducting areas 
15 disposed on the rigid body and an electrically conducting deformable 
element, presenting a rest position wherein it is isolated from the conducting 
areas, and moving from the rest position to an active position in response to 
a high-speed movement of predetermined direction and orientation. 

20 The invention also relates to a method for production of a sensor. 
State of the art 

25 In the field of movement detectors with six degrees of freedom, the detectors 
are equipped with position sensors continuously transmitting measurements 
to obtain precise positioning values. Known detectors respond to a 
mechanical solicitation, for example an action on a handle, to obtain a 
movement indication. 
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Thus the document US 5 854 622 describes a measuring apparatus 
comprising a handle on which a user acts and detecting movements with six 
degrees of freedom, wherein the sensors used are variable resistors or 
capacitors fitted on mechanical axes. 

5 

The document US 5 128 671 describes a movement detector with several 
degrees of freedom comprising six accelerometers integrated in a joystick 
type solid. Two accelerometers are arranged on each reference axis of the 
detector and are sensitive to a single movement corresponding to this 
10 particular axis. The accelerometers are formed for example by flexible 
cantilevers. 

The apparatuses described above enable continuous variations to be 
detected and require an action on a mechanical axis. They are completely 
15 unsuitable for detection of small impulse movements, of small amplitude, 
undergone by a solid and caused for example by impacts or high-speed 
movements. 

Moreover, the document US 5 610 337 describes an accelerometer 
20 comprising a sensitive element formed by a rocking beam in equilibrium on 
its central part. This type of accelerometer enables a rotation or a translation 
to be detected with respect to a single axis. 

25 Object of the invention 

It is an object of the invention to provide a detector not presenting these 
drawbacks and, in particular, a movement detector with six degrees of 
freedom enabling impulse movements to be detected. 



30 



3 

According to the invention, this object is achieved by a detector according to 
the appended claims and more particularly by the fact that the deformable 
element is in equilibrium around its central part and comprises a plurality of 
active positions, each active position corresponding to two degrees of 
5 freedom, the deformable element being temporarily in contact with two of the 
conducting areas in each active position. 

According to a preferred embodiment, the rigid body of a sensor comprises 
two substrates arranged face to face, connected by balls constituting an 
10 electrical interconnection between the conducting areas of one of the 
substrates and output electrical contact areas formed on the other substrate. 

It is a further object of the invention to provide a method for production of a 
sensor, wherein production of the sensor comprises: 
15 - formation on each of the substrates of conducting areas, of power supply 
contact areas and, on one of the substrates, of output electrical contact 
areas, 

- formation on each of the substrates of a central pillar in contact with the 
power supply contact area and supporting a conducting layer designed to 
20 form a deformable half-element, 

installation of balls on the output electrical contact areas, 
hybridization of the two substrates arranged face to face. 

25 Brief description of the drawings 

Other advantages and features will become more clearly apparent from the 
following description of particular embodiments of the invention given as non- 
restrictive examples only and represented in the accompanying drawings, in 
30 which: 
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Figure 1 is a schematic perspective view of a particular embcxliment of a 
movement detector with three position sensors according to the invention. 
Figures 2 and 3 are cross-sectional views of a particular embodiment of a 
sensor according to figure 1 , respectively In the horizontal rest position and In 
5 the vertical rest position. 

Figures 4 and 5 represent cross-sectional views of the sensor according to 
figure 2 in response to a translation, respectively downwards and upwards. 
Figures 6 and 7 represent cross-sectional views of the sensor according to 
figure 2 in response to a rotation, respectively to the left and to the right. 
10 Figures 8 and 9 represent perspective views of a deformable element, 
respectively in the form of a disk and In the form of a beam, of a sensor 
according to figure 2. 

Figure 10 schematically illustrates the electrical connections of the sensors to 
a processing circuit of a detector according to the invention. 
15 Figures 11 to 15 represent, In cross-section, five successive stages of 
manufacture of a sensor according to figure 2. 

Description of particular embodiments. 

20 

According to figure 1, the movement detector with six degrees of freedom 
comprises a support 1 , on which three position sensors 2a, 2b and 2c are 
mounted along three orthogonal axes X, Y and Z. Each sensor Is sensitive, 
from a certain threshold, to impulses registered according to two particular 
25 degrees of freedom, I.e. to a translation and to a rotation. The sensor 2a, or 
"RxTy" sensor, is sensitive to a rotation on the X axis and a translation on the 
Y axis. The sensor 2b, or "RyTz" sensor, is sensitive to a rotation on the Y 
axis and a translation on the Z axis. And the sensor 2c, or "RzTx" sensor, is 
sensitive to a rotation on the Z axis and a translation on the X axis. 
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To detect these impulses, each position sensor 2 uses the balance principle 
represented in figures 2 to 7. Each sensor 2 is formed by a rigid body 3 
inside which a deformable element 4 is normally kept in equilibrium (figures 2 
and 3) around a central point by means of a support means 5 composed of 
5 two parts 5a and 5b that are symmetrical with respect to the deformable 
element 4 and fixedly secured to the rigid body 3. One 5b of the parts of the 
support means is electrically connected to an electric power supply circuit 
delivering a DC voltage +Vdc. Conducting areas 6 are arranged respectively 
on the rigid body 3 (areas 6b) and on the deformable element 4 (areas 6a). 

10 What is meant by deformable element is any flexible body of small thickness 
able to oscillate around its rest position, represented in figures 2 and 3, and 
reverting to its original position without having undergone any irreversible 
deformation. The deformable element 4 can in particular have the form of a 
disc, as shown in figure 8, or the form of a beam, as represented in figure 9. 

15 The conducting areas 6a of the deformable elerrient 4 are electrically 
connected to the part 5b and can be situated for example on the 
circumference and at the ends of the deformable element 4 as shown in 
figures 8 and 9. In the rest position of the deformable element 4, the 
conducting areas 6a of the deformable element 4 are isolated from the 

20 conducting areas 6b of the rigid body 3. The latter are placed inside the rigid 
body 3 and at predetermined locations so as to come into contact with the 
conducting areas 6a of the deformable element 4 selectively in the activation 
position of the sensor, as shown in figures 4 to 7. 

25 In the particular embodiment represented in figures 4 to 7, the rigid body 3 is 
substantially rectangular and hollow, with two inside walls substantially 
parallel to the deformable element 4 in the rest position. At least two 
conducting areas 6b are provided on each of these walls, respectively top 
and bottom. 
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In order not to be disturbed by the force of gravity G In the rest position, the 
element deformable 4 of a sensor 2 has to be sufficiently rigid not to bend 
under the effect of its own weight and not to conne into contact with the rigid 
body 3 in the rest position. It is kept in equilibrium, In the rest position, for any 
movement the acceleration whereof remains at the most equal to the force of 
gravity G. 

In a particular embodiment represented In figures 2 to 10, when a rotational 
or translational movement exceeds a certain threshold, the conducting areas 
6a of the deformable element 4 come into contact for a short moment with 
certain conducting areas 6b of the rigid body 3, by unbalance or deformation. 
The conducting areas 6a arranged on the deformable element 4 thus briefly 
come into contact with certain conducting areas 6b of the rigid body 3. This 
brief contact is detectable by an electronic processing circuit 1 5 connected to 
all the conducting areas 6b of the sensors 2 (figure 10). Each sensor sends 
back four signals SO, SI , S2 and S3 each corresponding to a conducting 
area 6b. In the rest position of the deformable element 4 of a sensor 2, all the 
conducting areas 6b are isolated from the conducting areas 6a and supply 
binary signals SO to S3 to the electronic processing circuit 15, which signals 
take a first value, for example 0. When a conducting area 6b come into 
contact with a conducting area 6a of the deformable element 4, it is then 
connected to the supply voltage +Vdc and supplies a corresponding signal 
having a second binary value (1 in the example considered). The electronic 
processing circuit 15 continuously analyzes the signals SO to S3 supplied by 
the different conducting areas 6b of the sensors 2 and deduces the type and 
the direction of movement therefrom. The correspondence between the 
possible movements of a sensor 2 and the associated signals SO to S3 is 
represented in the following table: 
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SO 


SI 


S2 


S3 


Rest position 
(figures 2 and 3) 


0 


0 


0 


0 


Downwards translation 
(figure 4) 


0 


1 


0 


1 


Upwards translation 
(figure 5) 


1 


0 


1 


0 


Rotation to the left 
(figure 6) 


0 


0 


1 


1 


Rotation to the right 
(figure 7) 


1 


1 


0 


0 



Thus, in the rest position (figures 2 and 3), no contact is made between the 
conducting areas 6a of the deformable element 4 and the conducting areas 
5 6b of the rigid body 3, and the four signals SO, SI , S2 and S3 are at 0. The 
binary combination 0000 is thus obtained. 

In figures 4 and 5, the deformable element 4 bends respectively upwards and 
downwards so that its ends 6a come simultaneously into contact with two 
10 conducting areas 6b both located on the same side of the rigid body 3, 
respectively above the deformable element 4 and below the deformable 
element 4. 

For a downwards translation (figure 4) of a sensor according to figure 2, the 
15 deformable element 4 come into contact with the rigid body 3 at the level of 
the conducting areas 6b opposite to the direction of movement. The signals 
S1 and S3 are at 1 and the signals SO and S2 are at 0. The binary 
combination 0101 is thus obtained. 
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For an upward translation (figure 5) of a sensor according to figure 2, the 
deformable element 4 also comes into contact with the rigid body 3 at the 
level of the conducting areas 6b opposite to the direction of movement. The 
signals S1 and S3 are at 0 and the signals SO and S2 are at 1. The binary 
5 combination 1 010 is thus obtained. 

In figures 6 and 7, the deformable element 4 pivots so that its ends 6a 
simultaneously come into contact with a conducting area 6b of the top wall of 
the rigid body 3 and with a conducting area 6b of the bottom wall of the rigid 
10 body 3. 

For a rotation to the left (figure 6) of a sensor according to figure 2, the 
deformable element 4 comes into contact with the rigid body 3 at the level of 
two conducting areas 6b situated on opposite faces. The signals 82 and S3 
15 are at 1 and the signals SO and SI are at 0. The binary combination 001 1 is 
thus obtained. 

For a rotation to the right (figure 7) of a sensor according to figure 2, the 
deformable element 4 comes into contact with the rigid body 3 at the level of 
20 two other conducting areas 6b situated on opposite faces. The signals S2 
and S3 are then at 0 and the signals SO and SI are at 1. The binary 
combination 1 1 00 is thus obtained. 

Thus, according to figure 10, if for example the sensor 2a ("RxTy" sensor) 
25 supplies the combination 1010, the sensor 2b ("RyTz" sensor) the 
combination 1100 and the sensor 2c ("RzTx" sensor) the combination 0000, 
then the electronic processing circuit 15 deduces therefrom that the sensor 
2a has undergone an upward translation, i.e. a translation in the positive 
direction along Y, that the sensor 2b has undergone a rotation to the right, 
30 i.e. a rotation in the positive direction along Y and that the sensor 2c is in the 
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rest position. This is then interpreted as a movement of the support 1 In 
translation along +Ywith a rotation according to +Y. 

In another example, not represented, If the sensor 2a ("RxTy" sensor) 
5 supplies the combination 0011, the sensor 2b ("RyTz" sensor) the 
combination 0101 and the sensor 2c ("RzTx" sensor) the combination 0101, 
then the electronic processing circuit 15 deduces therefrom that the sensor 
2a has undergone a rotation to the left, I.e. a rotation In the negative direction 
along X, that the sensor 2b has undergone a downward translation, i.e. a 
10 translation in the negative direction along Z and that the sensor 2c has 
undergone a downward translation, i.e. a translation in the negative direction 
along X. This is then interpreted as a movement of the support 1 in 
translation and in rotation according to -X, coupled with a translation along 
-Z. 

15 

In the particular embodiment represented in figure 8, the deformable element 
4 is a disc of small thickness In equilibrium around its central axis. The 
conducting areas 6a are arranged on the circumference, or periphery, of the 
two faces of the disc and are connected to the part 5b of the support means 

20 5 by radial conducting areas 6c to be supplied with electric power. In the 
alternative embodiment illustrated in figure 9, the deformable element 4 is a 
beam of small thickness in equilibrium around its transverse median axis. 
The conducting areas 6a are then arranged at the two ends of the beam, on 
both the top face and the bottom face, and are connected by conducting 

25 longitudinal median areas 6d to the part 5b of the support means to be 
supplied with electric power. 

According to a particular embodiment represented in figure 15, the sensor 2 
can be achieved by microelectronics techniques. The rigid body 3 of the 
30 sensor 2 is then formed by hybridization of two substrates 7a and 7b 
arranged face to face and electrically and mechanically connected by 
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conducting balls 8. For better readability a single ball is represented in figure 
15. Each substrate bears conducting areas 6b and a central power supply 
contact area 10 on which a central pillar 11 is formed supporting a 
conducting layer 12. The conducting layer 12 comprises at the ends thereof 
salient areas facing the substrate, constituting the contact areas 6a. The 
deformable element 4 is thus formed by the combination of two half-elements 
each formed by a conducting layer 1 2 supported by a central pillar 1 1 and 
respectively associated with the substrates 7a and 7b. The conducting layers 
12 of the two half-elements are preferably separated by a space, as 
represented in figure 15. 

One of the substrates, 7b in figure 15, in addition comprises output electrical 
contact areas 9 of the sensor. Each sensor comprises four areas 9 
respectively connected to the different conducting areas 6b of the sensor so 
as to enable the corresponding signals SO to S3 to be transmitted to the 
electronic processing circuit 15. The balls 8 constitute the electrical 
interconnection between the conducting areas 6b of the substrate 7a and the 
corresponding output electrical contact areas 9 of the sensor. The number of 
balls 8 is adapted according to the number of electrical interconnections to be 
made and to the mechanical strength required for the sensor after the two 
substrates 7a and 7b have been assembled. 

A particular embodiment of a sensor according to figure 15 will be described 
in greater detail with regard to figures 11 to 1 5. First of all (figure 11), the 
conducting areas 6b, the output electrical contact areas 9 if any and the 
power supply contact areas 10 are achieved in the form of metallic contacts 
on the substrates 7a or 7b. The substrates 7a and 7b are preferably made of 
silicon oxide with an oxide layer 1 6 having a thickness of about 1 micrometer 
for example. The metallic contacts are preferably made from a metal that 
does not oxidize, such as gold (Au) or an iron and nickel alloy (FeNi). A 
sacrificial layer 1 4, for example made of resin or silicon oxide (SiOa), is then 



deposited on the substrate and etched by any suitable means so as to fonn a 
mold for the pillar 11 and the membrane 12. As represented in figure 12, a 
cx>nducting sub-layer 13 is then deposited on the etched sacrificial layer 14. 
The conducting sub-layer 13 is preferably made from a metal that does not 
oxidize (Au, FeNi). The pillar 11 and the conducting layer 12, for example 
made of iron-nickel alloy, are then formed on the power supply contact area 
10 by electrolytic growth. Polishing is performed to smooth the surface and to 
eliminate the conducting sub-layer 13 at the periphery of the conducting layer 
12 (figure 13). Then (figure 14), elimination of the sacrificial layer 14 enables 
the deformable half-element associated with the substrate 7b to be obtained. 
Then the balls 8 are formed notably on the output electrical contact areas 9 
of the substrate 7b. Then, as shown in figure 15, hybridization of the two 
substrates 7a and 7b, arranged face to face, is performed by a flip-chip 
process, i.e. the substrate 7a is turned and fixed onto the substrate 7b 
bearing the balls 8. The balls thus enable the electrical tracks to be made to 
transit from the top substrate 7a to the bottom substrate 7b and enable all the 
contacts to be easily taken. They also provide a good mechanical strength of 
the assembly. 

The detector described above therefore comprises three identical sensors 
that are each sensitive to a rotation and a translation and that each have five 
states, represented in figures 3 to 7. It thus enables both the type of 
movement and the direction thereof to be determined. Moreover, each 
sensor is insensitive to the vibrations that occur in the other directions than 
those to which it is sensitive. Furthermore, as the detector uses binary states, 
it does not require any calibration. 

The detector according to the invention has the faculty of detecting impulses, 
over a certain threshold, and not continuous signals, on six degrees of 
freedom with only three position sensors. The presence of the detection 
threshold enables the device to be used with respect to a relative 
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environment, as is done for a mouse when it is off the mat, and enables new 
computer navigation modes to be envisaged. In addition, by making use of 
l\4EMS (Micro Electro l^echanical System) type micro-technologies, it is 
possible to achieve very low costs and small overall dimensions. The 
5 detector can therefore fit into the user's hand and can easily be integrated in 
portable personal tools, in particular telephones, or a pocket PDA (personal 
digital assistant), to enrich their functionalities. 

The invention is not limited to the embodiment described above. In particular, 
10 the three axes X, Y and Z may not be orthogonal. 



